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THE DETEIUk'HIfAT I ON OF SULPHUR IN
STSE1
.
Introduction
.
The processes for the det ermination of sulphur in
iron and steel may be divided into two general classes: (1),
The oxidation methods; (Z)
,
The evolution methods.
The oxidation methods are "based on the principle
that when the iron is treated with an oxidizing agent, the
sulphur is changed to sulphuric acid, which may be precip-
itated with barium chloride. The methods using this prin-
ciple are all gravimetric.
The evolution methods depend on the fact that when
iron or steel is treated with hydrochloric or sulrhuric acid,
the sulphur is evolved as hydrogen sulphide. The sulphur
evolved in this form may be determined volumetrically as
hydrogen sulphide, or changed to a metallic sulphide and
weighed as such, or passed through a solution of a metal and
the color compared with standards.
In order to oxidize the sulphur to sulphuric acid
in the presence of iron, the borings are fused with a basic
mixture or treated with bromine , bromine and acids, hydro-
chloric acid and an alkaline chlorate, nitric acid, or a
mixture of nitric and hydrochloric acids added singly or as
aqu;. regia.

The gravimetric methods may be enumerated as follows
1. The standard method of aqua regia decomposi-
tion.
2. Decomposition of the borings with ferric or
copper ammonium chloride solution, and oxidation of the car-
bonaceous residue which contains all the sulphur by such re-
agents as are used to attack steel directly.
3. fa). Evolution as H 8 S into solutions of
KCE, NaQH, KLinCU, AgJJQ*, HgCU, H s 8 , bromine and HC1 , and
oxidation when necessary by the usual reagents.
fbj Absorption of the H 2 3 by neutral or al-
kaline solu + ions of lead, oxidation to and weighing as PbS04 .
(c) Absorption of the H2S in alkaline cad-
mium solutions, the sulphide being weighed; or the precipi-
tated sulphide being added to copr.er sulphate and the result-
ing sulphide ignited to copper oxide.
(dj Absorption of the H2 S in other metallic
salts such as AglJ0 3 , the sulphide or some other form of the
metal being weighed.
4. Fusion of the finely divided raetal v/ith
sodium peroxide or with a mixture of magnesia and HaOH, dis-
solving out the alkaline sulphate and precipitating as usual.
Or the addition of a little alkaline salt to the acid solu-
tion of the metal, ignition of the dried mass and dissolving
the alkaline sulphate
.
Both HC1 and Hg30 4 have been used to evolve the
sulphur from steel. Dilute acids are sometimes used but
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stronger acids are better, although they take more time, a
mixture of the two acids dissolves the iron more readily than
either acid used singly. It is admitted, now, that when the
evolution process is used, sulphur is apt to be left in the
residue. Phillips /Jhas discovered that a portion is evolved
as an organic sulphur compound, methyl sulphide, which is
neither oxidized nor precipitated by ordinary reagents, and
is only transformed into H2S when passed through, a red hot
tube
.
The more Important reagents used for the absorption
of H 2 S and the modes of completing the estimations are;
1. Absorption by solutions of caustic alkali,
cadmium, zinc, or potassium tri-iodide, and titration with
iodine or thiosulphate
.
2. Absorption in a neutral solution of metallic
salt, and titration of the liberated acid.
3. Absorption in caustic alkali, addition to
an acid solution of a reducible salt , (Fe 2 3 ) , and titration
of the lower oxide formed.
4. Titration of the alkaline sulphide with a
solution of an easily precipitated metal, lead nitrate.
5. Absorption in a solution of a metallic salt
of Pb
,
Cu, As, and measuring the precipitated sulphide after
whirling in a centrifugal machine; or assaying the undecom-
posed filtrate.
6. Passing the H 8 S through a series of bulbs
containing ©qual amounts of a standard lead acetate or AgH0 5

solution, as no two bulbs are discolored simultaneously, the
result is Obtained by counting the number of bulbs affected.
7. Comparing the color of a metallic plate or
calico soaked with a metallic salt, or a solution of a metal-
lic salt over, or through, or into which the H 8 S he a passed,
with standards.
The evolution methods have a legitimate use in iron
and steel works where time is a great factor, but not in com-
mercial laboratories where the work must be accurate. An
evolution method should never be used in case of dispute. It
is a difficult matter to determine sulphur accurately. Even
the most skilled chemists get varying results when using the
( 2 J
same method. The following table 'shows a series of ex-
perimental determinations of the sulphur in a sample of pig
iron. The experiment was instituted by the Crane Iron Com-
pany. The analyses were made by various chemists of repute
in the United States and Germany.
Method Used Per cent
Sulphur.
itfitro-hycirochloric acid .005
Absorption and oxidation with bromine and weighing
insoluble residue as BaS0 4 .006
Absorption and titration with iodine- .009
Absorption in alkaline solution of lead nitrate and
weighing as 3aS04 .011
Aqua Regia method solution standing ~4 hours .012
Aqua Regia Lie thod , .013
Absorption in KUn04 and weighing as BaSC* .013
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Absorption in CdCb 8 and titration with iodine .013
DfaO* method, weighing as EaSO* .01"
Aqua B«gia, neutralizing with ?J tT 4 0H standing 24 hours. 013
Absorption in CdCl a und titration with iodine .015
Absorption and titration with iodine .015
absorption and titration with iodine .017
Absorption in KMnO* weighing as BaSO* .017
Volumetric, no details given .019
Absorption with Cd(S0 4 J 8 , titration with iodine .020
Aqua Eegia method .021
Absorption in ITaOH and titration with iodine .022
Aqua Regis method .024
The standard or aqua regia method is carried out
( 3
)
as follows; 5 grams of the borings are placed in an Erlen-
meyer flask and 40 cc. of con. H2J0 3 added, cover with a
watch glass and heat on a hot plate ,using an alcohol or a
gasoline burner. The solution of the steel is hastened by
the addition of a few cc. of HC1 from time to time. When
all the iron is in solution except, perhaps, a little graph-
ite or silica, transfer to a casserole, add a little T?a 2 C0 3 ,
cover with a wstch glass and evaporate to dryness, baking
until all the EIO a is driven off. Cool, add 20 cc . of con.
HC1 , heat until the oxide of iron is dissolved and then evap-
orate to dryness to render the silica insoluble. Take up
the residue with con. HC1 just sufficient to dissolve the
ferric oxide, dilute and filter. The sulphur is now in
the filtrate in the form of sulphuric acid and is precip-
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itated from a belling 80lilt ion with 10 per cent BaCl 8 . The
precipitate is allowed to settle over night, then filtered,
ignited, and weighed.
(4 )
Ford and Wiley ^'recommended the addition of !TH4C1
to the last solution just before filtering, since, if prop-
erly manipulated, it leaves the solution just acid enough
and With enough xTH4Cl so that a complete precipitate of BaS0 4
entirely free from iron, is assured. They take up the baked
mass from a 2 gram sample in 10 cc. of HC1 , heat this to dis-
solve the iron salts and ev.-porate to 4 or 5 cc. They then
add 5 g. of ITH 4C1; this amount nearly or quite absorbs the
HC1 and, after the addition of water, filtering and washing,
will leave about 75 cc. of solution in the filtrate with suf-
ficient NH*C1 and acid to insure a complete precipitation of
the BaSO*.
Another method, not much used, is that of Lunge
modified by Exister and Thiel and used by Hillebrand and
others. The baked mass is dissolved in HC1 , diluted with the
same amount of water, filtered and washed, made slightly
ammoniacaJL, 10 cc. of BaClg added, then made slightly acid
with HC1 diluted to 500 cc, boiled down to 100 cc . and al-
lowed to stand 12 hours. This method seems to give good re-
sults.
Meineke reduces the ferric chloride to the ferrous
state with zinc before precipitation, to avoid contaminating
the EaS04 with iron.
(5
)
Archbutt says that the solution from which the

sulphur is precipitated in the aqua regia method should he
concentrated, ii concentrated solution of a steel contain-
ing 0.125 per cent of S. was divided into four port ions. One
solution was not diluted, while the others v»ere diluted to
:350 cc, BOO cc, and ?50 cc. To each solution 5 cc. of
a 10 per cent solution of BaCl2 was added and the solutions
stood ahont twelve hours "before filtering.
Volume of Percentage
Solution. of Sulphur
63 cc. 0.125
250 cc 0.114
500 cc 0.091
750 cc 0.074
He then tried experiments to see whether free acid was detri-
mental. 5 grams of steel were treated in the usual manner
except the HC1 was evaporated off from the final solution.
Duplicates were run in the same manner except .before adding
BaCl^, 5 cc of HC1 (1.1 sp.gr )were added to each concentrated
solution.
:io. of Neutral Sol- Acid Sol-
Sample ution ution.
60 - 70 cc. 60-70 cc
Per cent of Per cent of
Sulphur Sulphur
1 0.146 0.142
2. 0.114 0.114
5. 0.082 0.067
4. 0.067 0.067
5. 0.059 0.056
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Having shov/n that precipitation should be effected
in a concentrated solution and that the presence of free HC1 1b
benefioial, he then tried to determine the length of time nec-
essary for complete precipitation. Samrle No. 1 of the last
series was used. Both solutions were treated exactly alike,
the sulphur being precipitated from holt solution. Only
one stood 2 hours and the other 3 hours after precipitation.
Acid Solution
60 - 70 cc.
Per cent Sulphur
Stood 2 hours 0.147
Stood 3 hours 0.143
The filtrates were treated v/ith BaCl 2 and allowed
to stand 24 hours. Only a mere trace of precipitate appear-
ed in either case. Therefore, precipitation is practically
complete in 2 hours. Some experiments in the following
table were mcde to compare results with the results from ev-
olution methods. The steels used gave by the aqua regia
method 0.125 and 0.114 per cent of sulphur.
Per cent
Absorbent Used. Sulphur
0.125 0.114
HCL(l.lO) saturated with Er 0.104 0.106
0.114 0.105
Pure HaOH containing UaBrO a 0.108 0.114
0.106
0.108
Alkaline Pb. solution. Pb3 oxidized by
TTC1 + ZC10 3 and sol. ppted. by BaClg 0.103
Ammoniac al CdCl 2 . The Cds dissolved
in HC1 + Bromine and ppted. by BaCl s 0.103
0.116
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The results of the last four determinations agree
fairly with those of the oxidation method and show that the
concentrated solution of 7eCl 3 has no appreciable solvent
action on Ba304 in the presence of EaClg. The chief dis-
advantage of the aqua regia method is the tine required for
the necessary solutions and evaporations. It takes nearly
two days to complete the operation.
The B&mtoer
6
method allows more field for manipu-
lation and gives excellent results. A 2 gram sample of drill-
ings is dissolved slowly in nitric acid in a platinum dish
covered with a cover glass. When the sample is completely
dissolved, the cover is removed and 1 gram of Kii0 3 is added.
Then evaporate to dryness and ignite at a good red heat for
3 or 4 minutes, turning the dish so that the sides as well
as the "bottom are red. 50 cc. of a 1 per cent solution of
TIa 2C0 a are added, the contents "boiled a few minutes, then
filtered, using paper pulp and washed with a hot 1 per cent
Ka2C0 3 solution. Acidify the filtrate with HC1 and evaporate
to dryness. Take up in 50 cc. of water and Z cc. of HC1
,
filter, wash and precipitate the sulphur in the filtrate with
barium chloride. This method was recommended "by the committee
on standard methods of iron analysis .
^
7 )
(p)
rulsifer ' proposed the following method: 2-1/2
grams of the sample are placed in a "beaker and moistened with
water. 20 cc. of chloric acid (1.12) and a few drops of
hydrofluric acid are added. After the action has subsided
5 cc. of HG1 are added and the solution is "boiled and filt-
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ered. To the filtrate 20 cc. of KC1 is arlded and the solu-
tion is evaporated with constant shaking to 10 cc. The resi-
due on the filter is fused with Ha 8 2 in a nickel crucible,
dissolved in 50 cc. of water, a little HC1 added, filtered,
and the filtrate added to the original one. The sulphuric
acid is now precipitated with BaCl 8 . It is necessary to
drive off all the HF1. The results are claimed to he very
accurate
.
f 9
)
ileineke proposed a method "based on these re-
actions:
Fe + FeS -i- 2CuCl 2 = 2FeCl 2 + Cu3 + Cu
CuS + Cu + 2CuCl 2 = 4CuCl 2 + S
5 grams of iron are dissolved by 50 grams of copper ammonium
chloride in 250 cc. of water containing 10 to 15 cc. HG1. The
solution is kept nearly "boiling until all the copper is re-
dissolved, generally, about 15 minutes, and filtered at once
through asbestos. The residue is treated with a little KC10 3 ,
5cc. of HUC 3 (1.4), and 10 cc. of HC1(1.19), evaporated to
dryness, redissolved, filtered and the sulphuric acid precip-
itated with BaCl 2 .
Boucher
^
10
^ modifies I'eineke's method by dissolving
the residue in aqua regia or bromine, filtering, neutralizing
the filtrate with ITaOH, then making slightly acid with HC1,
and adding BaCl 8 . He gives the following results by two
methods
:
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Aqua Regia This Method
Lie t hod Per cent
Per cent of Sulphur.
Sulphur
1. Bessemer iron 0.035 0.041
2. " " -0.012 0.021
5, " " 0.022 0.024
4. " •« 0.023 0.023
5. " " 0.020
0.021
6. IJottled " 0.185 0.191
0.192
Sggertz^"^ g J ves the following method: 5 grans
of iron are added to a solution of 10 grams of KC10 8 in 200
cc. of KjjO in a 50 cc. flask. Cover the flask with a small
funnel and heat to toiling, then add 60 cc. of HClfl.12),
evaporate to dryness, take up in HC1, filter and precipitate
the sulphur in the usual manner.
Ericson ' }j gives a modification of the fltarius
method for sulphur in organic compounds, which is recommended
for making standards and check work. Put 3 grams of "borings
into a hard Bohemian glass tube, like a combustion tube, sealed
at one end. Add 25 or 30 cc of strong HO, and 5 cc. of HC1
,
draw the other end to a capillary and sea}. Heat on a water
bath 2 hours, then cool and break the capillary. Add 5 or
10 cc. of diluted HC1 , boil 5 minutes, transfer to a casserol,
neutralize with Ka 2 CG 3 and precipitate with BaCls.
(l*
)
Stehman gives an application of Eschka's method
to pig irons. The oxidation in the wet way does not, with

some irons, effect the complete oxidation of the sulphur, a
portion of it remaining with the residue of graphite and sil-
ica. Camber's method is generally used when the oxidation
method does not effect its purpose, and, no doubt, is the
safest besides doing away with the precipitation of the buI-
phur from a concentrated solution of ferric chloride. The
writer thouBght that if it were possible to reduce the pig iron
to a fine powder, its oxidation might be effected in the
presence of a basic m'xture, the sulphur converted into the
sulphates of the bases present, and the small amount of sul-
phides formed could be oxidized by bromine.
Two oxidizing mixtures were made as follows: One
of magnesia, 2 parts and Ra&COs, 1 part, well ground and
mixed, and another of magnesia, 4 parts, K2CG3, 1 part, and
UagCO a 1 part. The addition of K2CG3, it was thought, would
hasten the oxidation as it has a slight solvent action on
ferric oxide. It v/as first thought that the samples had to
be ground very fine and an agate mortar was used. After a
little experimenting, it was found that samples of 80 and
60 mesh were oxidized completely, while samples of 30 mesh
were not. In fact, 50 mesh seemed to be the limit of coarse-
ness of the sample. For carrying out these experiments, four
samples of grey iron were crushed in a steel mortar to a fine-
ness of 80 and 60 mesh.
The following method was finally decided upon: 3
grams of the sample of a fineness higher than 50 mesh are
weighed into a platinum crucible of 30 cc . capacity and 3
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grams of the "basic mixture added, mixing thoroughly and cov-
ering with about .5 gram. The crucible is placed over a
Bunsen burner, using a shield of asbestos to protect the con-
tents from the products of combustion of the flame and heat-
ed for one hour at a full red heat. At the end of this time
the mass will be sintered together and can be broken up with
a glass rod and extracted with hot water. 10 cc . of bromine
water are added to the solution. It is then boiled for 10
minutes and filtered, taking care that the filtrate is clear.
Add 1.5 cc. of HG1 to the filtrate, boil to expel the brom-
ine and precipitate the sulphur as usual. It was decided to
treat samples ITos. 1 and 2 by each of the following methods.
First. Evolution method. Absorption of H2S in a so-
lution of KOH, oxidation of the Z2S formed by X2£n0 4 solution,
acidifying with HC1, clearing with oxalic acid, neutralizing
with HH^OH, making slightly acid with HC1 and precipitating
as usual. The sulphur in the residue was also determined
and added to that obtained as HgS. 10 grams of the sample
were used.
Second. Oxidation in the wet way by solution in con.
EiIG 3 with the addition of 3 grams of KG10 3 after solution
was complete, and the usual evaporation and resolution with
the final precipitation of the sulphur in 100 cc. of solu-
tion with a hot saturated solution of BaCl 2 . The precipi-
tate was allowed to settle 12 hours.
Third. The Bamber method as described by Blair.
1
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Sumple No . 1
Evolution HH0 3 + XC10 3 Banter's Basic Time of Fineness Mixturi
Method Llethod I.lixture Ignition of Used
Sample
^ .
0.035 0.036 0.075 0.039 1.5 hr. 80 mesh lTa 2 C0 3
0.036 0.035 0.036 0.039 1.5 " " " |
0.056 0.035 0.074 0.040 1 ,T " " " |
0.035 0.035 0.042 1 * n M n |
Sample Uo. 2
'— — > '
0.037 0.032 0.050 0.071 1 hr. 60 mesh 3 2 C0 3 +
&a 2 C0 3
0.032 0.030 0.031 0.031 45 rain. 17 " 11 " "
0.032 0.030 0.032 1 hr. " " w n I
Sample ITo. 3
0.066 0.075 0.076 0.077 1 hr. 60 mesh Hot
given
0.075 0.076 30 rain. " " n "|
0.076 0.076 1 hr. tT " " n 1
Sample Ho. 4
0.043 0.058 0.054 0.054 1 hr. 80 mesh Hot
given
0.055 0.057 1 " 60 " " rt n
0.058 0.056 1 " " ,T » " U
In samples ITos. 3 and 4, the sulphur has been de-
termined "by prominent chemists. There is no decided advant-
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age in the use of a shield when c&soline gas is used and care
is used to keep the flame from the mouth of the crucible. The
use of KgCOa shows no gain in action or time. It was thought
that white iron would not lend itself s readily to oxidation
but samples of white irons treated in the same way were oxi-
dized as completely and in the same way as grey irons.
Sample of White Iron
Baraber's method 0.431 0.432 0.429
Oxidation with
Basic fixture 0.432 0.430 0.430
Phillips 1 ' gives a series of experiments in fus-
ing the finely divided iron with a mixture of an alkaline car
bonate and nitrate. The fused mass is dissolved in water
and the sulphur precipitated. He gives the following compar-
ative results;
Character of Iron Used. Fusion I.Iixture
White iron crushed in
a mortar and- sifted
through bolting sheet-
ing
'Vhite iron crushed and
sifted
Grey iron powdered by
rubber and plate
Equal parts of
Na 2 C0 3 + UaU0 3
45 parts Ha$Oa
45 " 2Ta a 2
10 " Jia 2 CC 3
nqual parts of
Hano 5 and Ua 300
Per cent of rer cent
Sulphur by of Sul-
Fusion phur by
Oxidation
with HU0 3
0.112 0.101
0.112 0.098
0.114 0.100
0.114 0.102
0.155 0.143
0.150 0.149
0.130 0.143
0.139 0.147
0.022 0.012
0.027 0.013
0.018 o.oia
0.018 0.010
0.034 0.027
0.030 0.030
Ferro manganese crushed Equal parts of
and sifted 5aITQ« and Ua 2C0 3
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Frora these experiments there seems to be some reas-
on to suppose that not quite all the sulphur of the iron is
converted into BaiSO* when the metal is oxidized "by HjS0 8 ;
that it is completely recovered by the process of fusion
can not be positively asserted.
Gravimetric revolution Method s
.
Zarsten was the first to suggest dissolving iron
or steel in HOI or H 2 SC 4 , and collecting the evolved H2S by
absorbing it in a metallic salt solution. He recommended
CuCls
.
Blair 1 "' absorbs the H 2 S in 20 or 30 cc. of a po-
tassium hydrate solution of lead nitrate. Ee dissolves 10
grams of the sample in 1:1 solution of HC1 as quickly as pos-
sible in a current of hydrogen. He collects the precipitate
of PbS in a filter, washes it with hot water, then treats it
with 5 to 20 cc. of HC1 and some XC10 3 , allows it to stand
until the fumes have partly passed off, adds about twice the
volume of water and filters. He heats the filtrate to boil-
ing and precipitates the sulphur from a slightly acid solu-
tion and allows it to stand a half hour before filtering. The
whole operation takes about two and one-half hours.
Vorrel' ' passes the evolved H a S into an ammoni-
acal solution of cadmium sulphate. The precipitate of CdS
is filtered, washed with water containing a little ammonia,
dried at 100 degrees C. and weighed . F:'ve tests made on a
piece of Bessemer steel known to contain .13 per cent S.
gave tU 0.124; (2) 0.125; fsj 0.137j (4) 0.125; (5) 0.124.
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Berzelius proposed the use of a dilute solution
of Agi!lO s made alkaline "by ammonia as an absorbent. The precip-
itate of silver sulphide is washed , dried and redissolved in
""0
S . The silver is then precipitated with HC1 and filtered
off. Add a little NaeCOs to the filtrate and evaporate it
nearly dry, dilute, add a few drops of HC1, filter if neces-
sary, and add BaCl2 to the filtrate.
fa )Presenilis^' suggested passing the gas into a solu-
tion of "bromine in HC1. Heat to drive off the "bromine, neu-
tralize with ^TH^OH, and precipitate as usual. This process
has the disadvantage of filling the room with fumes of "bromine
unless the apparatus is placed under a hood with a good draft.
Drown' s met hod This is perhaps the best evolution
method. The gases may be evolved very fast. A solution of
KOH and KMnC 4 in equal proportions is used for the absorbent.
The purple color of the Klun0 4 gradually changes to the green
of the manganate. The solution is rendered colorless before
precipitation with BaCl 2 either by evaporating to dryness and
separating the silica, or by adding enough HC1 to get a clear
solution by the aid of heat, afterwards neutralizing the ex-
cess of acid with 1TH40H.
Craigd?) suggested the use of an ammoniecal solu-
tion of H aOg as an absorbent. After all the sample is dis-
solved, air is blown through the apparatus a few minutes, the
solution is acidified with EC1 and BaCl 2 added. The whole op-
eration may be completed in two hours. For nearly two years
the author added an excess of KC10 a to the residue left and
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precipitated the sulphur and only once obtained a trace.
Schulted^) uses cadmium acetate as the absorbent.
32-35 cc. of a solution containing 25 prams of cadmium ace-
tate and 250 cc. of acetic acid in a liter is used. 100 cc.
of HC1 1.19 specific gravity, is used as the solvent. The
acid is let in slowly and the mixture is heated gradually.
After all the HgS is evolved, 5 cc. of a copper sulphate so-
lution containing 120 grams crystalized copper sulphate and
120 cc. of pure H2 30 4 in a liter is added. The CuS is fil-
tered off, washed and ignited to CuO and weighed. The weight
of the CuO multiplied by 0.4030 gives the weight of the
sulphur evolved.
if strong HCl(l.l9 specific gravity) is used, the results "by
the evolution method are much higher than if an acid of only
about half that strength (1.10 specific gravity) is used. In
one method the gases were passed through a wash bottle con-
taining a saturated solution of bromine in HC1 and a second
bottle containing bromine water. The contents of the two bot-
tles were evaporated to dryness after the addition of 5 cc.
of soda solution ,taken up in water and filtered, the sulphur
being precipitated in the filtrate. In the second method
the gases were led through HBr in one and KgOg in the second
Schindler ) gives some experiments which show that
bottle
.
Using HC1 1.19 Using IIC1 1.10
Bromine
Liet hod
HB a
Method
Bromine Method
A. 0.070
A. 0.071
B
. • 2 21
0.071
0.067
0.048
0.048
0.149
E. 0.216 0.149

'."'hen using the weaker acid, much sulphur was left
in the residue ,whil i ,when using the stronger acid only a trace
of sulphur was found in one case.
tained by the evolution method for white cast iron accorded
well with those of the aqua regia method in Elair.
is not readily changed to H2S by the ordinary evolution method.
Thus, low results are obtained by the ordinary method. The iron
was dissolved by HC1 1.12 with a slow stream of COg passing
through the apparatus, heat being applied ax the action became
slower. The mixed gases were passed through a porcelain tube
heated to dull redness, whereby the gases of the (C]-i 3 ) 2 S type
and the hydrosulphides were converted into H 2 S. The gases then
pass through a nitrogen flask containing a solution of bro-
mine in HC1 and then to the bottom of an 8-liter flask con-
taining a little of the same solution. This large bottle is
necessary for the complete condensation of the sulplriric
acid. The sulphur was precipitated from the solutions as
BaS0 4 . The evolution flask must be heated at least 2 hours.
In the following table means of several experiments are given,
using the old evolution method, this one, and the aqua regia
method.
Old Evo- This Evo- Aqua
lution lution P.egia
Method Llethod Llethod
Phillip proposed a method 1 y which results ob-
In white irons the sulphur exists in a form which
f7 5
JO O
A. 0.052 0.099 0.100
B. 0.094 0.180 0.171
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Volumetric "Evolution Mtthodfl
Blair, in his Chemical Analysis of Iron, gives the
following method. Dissolve 5-10 grams of the steel in lOOcc
.
of 1 to 1 acid in an atmosphere of hydrogen. Pass the evol-
ed gases into 50 cc. of KOHfl.l specific gravity); when the
evolution is complete, dilute the KOH With water to 500 cc
.
then acidify with HC1 and titrate at once.with a standard
solution of iodine, the sulphur equivalent per cc. of which
is known.
There are several disadvantages to this process.
G. ftaske^ 3 ^ made the following remarks on the process . "V/hen
the gases are passed, into caustic soda solutions, accord ing
to the degree of concentration, a varying mixture of Ha^S
and UaHS, as well as various polysulphides are formed. The
solutions of Ha 8 S are easily decomposed and even contact with
the air converts it into thiosulphate . At a higher temper-
ature a portion of the sulphur is oxidized to sulphuric acid
and as steam passes over into the receiver; the temperature
is always high. HgS also escapes into the air. Therefore,
results are low when HaQH is used as the absorbent .
"
Hopper^ 20 ) gives the following method which he
claims is very rapid and gives good results. The H2S is
absorbed in HaQH and the quantity of S is determined by add-
ing a standard solution of lead nitrate until no precipitate
of PbS is formed.
CompredorJ ^ passes the evolved gases through a
red hot tube together with hydrogen and carbon dioxide, then
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collects the gases in a slightly acid solution of zinc ace-
tate. He titrates the ga8 with a standard iodine solution.
The process may he nccompli shed in o half hour.
Boucher
^
22
' method. The H 2 S ahsorhed in NaOK is
run into an acid solution of FeCl 3 ; H8 S is liberated and
a portion of the iron is reduced. The reduced iron is de-
termined by standard K 2 Cr 2 0^ solution.
FeCl 3 + H 2 S = 2PeCl a + 2HC1 + 3
6FeCl 2 + K 8 Cr s 7 + 14HC1 = 3FeCl 3 + 2KC1 + GrCl 3
By dissolving 3.065 grams of £ 2Cr 20^ in 1 liter
of water, a solution is obtained, 1 cc. of which equals .001
gram of Sulphur. The following table shows the results of
several tests.
Sample Gravimetric E 2 Cr 207 Method
dumber Method. Per Per cent Sul-
cent Sulphur phur.
1 0.041 0.038
2 0.015 0.017
3 0.020 0.023
4 0.028 0.030
The process takes from one-half to three -quarters
of an hour.
(^3) (24) (25)
Treadwell,"" Crobaugh, and Riemer, ^ absorb
the HgS in CdCl 2 solution, acidify and titrate with iodine
solution. Riemer considers this the best volumetric method.
'hen titrating^ 26 ) the absorbed Ha S with iodine
solution, CdCl 2 solution used as the absorbent gives better
results than HaOH solution.

NaOlI Solution
Tor oont
Sulphur
CdCl 8 Solution
Per cent
Sulphur
0.07,8 0.047
0.039 0.047
0.042 0.049
Kerting(27) obtained satisfactory results with the
method of Blair, of absorbing the H 2 S in a cadmium salt so-
lution, collecting the CdS on a filter, adding it to a IT/20
iodine solution end titrating the excess of iodine with
thiosulphate solution. Time required for the process, one
hour.
known fact that only a part of the sulphur in pig iron is
evolved as hydrogen sulphide when treated with acid. Anneal-
ing the powdered sample he fore treating it with acid gives
higher results. 5 grams of the powdered sample were treat-
ed with about a half gram of cream of tartar, the mixture
wrapped in a filter paper and placed in a small crucible. The
crucible is covered and heated to a bright red heat in a
muffle for fifteen minutes, cooled, broken up and placed in
the evolution flask. The evolved gases were absorbed in
CdClg, acidified and titrated directly with iodine. The
following results were obtained by the aqua regia and evolu-
tion methods.
I-lcFarlane (28) and Gregory Method. It is a well
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Pig Iron
Aqua Kegia Evolution
Method ler Lie t hod I'er
cent Sulphur cent Sulphur
1 0.090 0.090 0.091 0.094
2 0.096 0.098 0.093 0.095
3 0.066 0.066 0.066 C.068
Chilled Shot
1 0.186 0.188
2 0.19 7 0.204
3 0.115 0.113
Coloriraetric Methods
Color Metric methods are used in laboratories
where it is necessary to make many analyses. They give only
ftpp roximat e re sul t s
.
Arnold and Hardy
»
29 1 evolve the sulphur as K 2 S and
absorb it in NaOH, then add 10 cc of lead acetate solution
to the HaOH. A brown color due to PbS is produced and the
depth of the color is proportional to the amount of sulphur
present. After shaking, the mixture is placed in a Uessler
tube and compared with standards made from lead acetate and
HaS water. From the results of numerous experiments, where
sulphur had been determined as BaS0 4 , the possible errors
in steels ranging from .01 to .04 per cent of sulphur, were
shown never to be over .01 per cent; in steels containing
.06 to .10 per cent, as far as .02 per cent; and those con-
taining from .11 to .14 per cent, occasionally as much as
.03 per cent. This process is not applicable where accurate
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work is necessary.
(30)
Treadwell Llethod. The H 8 S is parsed through a
cloth saturated with cadmium acetate solution. A yellow color
owing to the formation of CdS is produced; the intensity of
the color "being proportional to the amount of H S S. The color
of the cloth ie compared with standards.

SUMMARY.
1. The aqua regia method, when properly manipulated,
gives the most reliable results.
2. All the sulphur is not evolved as T? e S when the iron
is dissolved in acid, and low results are obtained by the
ordinary evolution methods.
Z. Of the rapid methods, that one where the H 8 S is ab-
sorbed in CdCl 2 g^'ves better results than when absorbed in
?IaOH or XOH.
4. V/hen an evolution method is used, higher results are
obtained if the sample is annealed before being dissolved.
5. Higher results are obtained by fusing the finely di-
vided sample with a strong base , than by use of the aqua
regi a method.
6. If the sulphur is precipitated from a boiling solu-
tion, the solution should be strongly acid. Better results
are obtained by precipitation from a nearly neutral cold
solution and allowing it to stand 24 hours.
OBJECT.
All the accurate methods so far described have the
disadvantage of a long manipulation. About two days are re-
quired for the standard method. ITuraerous rapid methods have
been proposed, but the^all ~ive low results. The purpose of
this investigation was to try to devise a method which would
be accurate and, at the same time, rapid.
So far as found in the available literature , Blount
has done the only work on heating the steel directly

O B
— C / —
and trying to evolve the sulphur as siilphur tri oxide and sul-
phur dioxide. He heated the drillings to nearly 1,200 decrees
C. in a porcelain tube in a current of oxygen. The products
of combustion were led into baryta water. The baryta water
containing the barium carbonate, sulphate and sulphite in sus-
pension, was acidified with HC1 , saturated with bromine and
the BaS0 4 detei-mined as usual. It was an easy matter to col-
lect and estimate all the sulphur evolved, but it was not
possible to expel all the sulphur from the magnetic iron
oxide. It was found that a core of unoxidized steel was
left in the center, into which the sulphur seemed to be driv-
en. It was thought that this method could be improved upon
by using a platinum crucible in the place of a porcelain
tube as a much higher temperature could be attained.
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EXPERIISEHTAL
An analysis of a steel sample for sulphur, phos-
phorus, silicon, manganese, and oarbon was made. The follow-
ing methods were used:
Sulphur: Evolution method of Blair. -5 grams
of the steel was dissolved in 100 cc. of dilute HC1, the
evolved gases were caught in KOH, the solution diluted to
500 cc, acidified and titrated with iodine solution.
Sulphur: Aqua regia method of Blair with mod-
ifications as given before.
Phosphorus: 2 grams of the sample was dis-
solved in 50 cc. of HN0 8 (1.13 specific gravity), 10 cc. of
con. HC1 were added and the solution evaporated to dryness.
The residue was then "baked until free from HH0 3 , taken up
in 30 cc. of HC1, diluted to about 60 cc. and filtered. The
filtrate was evaporated to about 25 cc, 20 cc. of con. H2T0 B
added, and again evaporated until film began to form. 30 cc
of dil. HJTOf were then added and the solution diluted to
150 cc Then between 70 and 80 degrees C, 50 cc. of molyb-
date solution was added. The yellow precipitate was collected
in a filter, washed and then dissolved in 30 cc. of IH4OH, 1
part of 1E40H to 4 parts of water. The solution was acidi-
fied with 30 cc. of H2SO4., one volume of H 2 S0 4 to 2 volumes
of water, and then run through a Jone's reduct or. The solu-
tion was then titrated immediately with KLInO*.
Manganese: Method of Hoyes and Clay. 1.5
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grams of the steel was dissolved in 86 cc. of dilute HB0 9 and
5 cc. of con. HC1. The solution was made Marly neutral with
Ua eC0 3 and an excess of an emulsion of ZnO added to precipitate
the iron. The mixture was made up to 300 cc . and filtered.
200 cc. of the filtrate was taken, 20 cc . of sodium acetate
and 40 cc. of "bromine water added and heated until LlnOg
formed. The I£nOa was filtered off and dissolved in standard
ferrous ammonium sulphate. The solution was titrated with
KMnO*.
Silica: The residues from the gravimetric
sulphur determination were taken and purified as usual.
Carbon: 3 grams of the sample were dissolved
in 200 cc. of potassium copper chloride and 15 cc. of HC1.
The residue was filtered on asbestos and ignited in a com-
bustion tube. The GC 2 was absorbed in soda lime and weighed.
The following table shows the results obtained on Bessemer
.40 of the Bureau of Standards. The first row of analyses
are those obtained in the Bureau and the rest are those ob-
tained by the above methods.
Per cent 3. Per cent S. Per cent Per cent Per cent Per cent
Evolution Aqua Regia C. Mn.
T-ethod Lie thod
Si.
Standard 0.110 0.118 0.427 0.872 0.045 0.116
Found 0.062
0.069
0.061
C.073
0.058
0.058
0.072
0.069
0.103
0.110
0.117
0.462
0.447
0.606
0.611
0.040
0.046
0.108
0.117
0.108
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The purpose was to determine carbon and aulphur
at the same time by ignition of the sample in a current of
oxygen. The following train was used after the combustion
chamber: (1) A tube of platinized asbestos to oxidize the
sulphur dioxide to the trioxide; ( 2 ) A U-tube partially
filled with an almost saturated solution of chromic acid to
absorb the sulphur trioxide; (Z) A U-tube of CaCl 2 to absorb
the moisture; (4) A U-tube of anhydrous copper sulphate to
take up chlorine, if present; (5) A U-tube of fresh soda lime
to absorb the C0 2 ; (6) A U-tube with soda lime in the right
arm and CaClg in the left. A platinum tube about 16 inches
long and 1 inch in diameter was used at first. The sample
was placed in a porcelain boat on a layer of A1 2 3 . The boat
was placed in the middle of the tube and heated with the full
flame of a blast. The ends of the tube were kept cool by
means of a lead coil,through which water circulated, so as not
to burn the rubber stoppers. The stoppers were protected from
radiation from the inside by perferated porcelain discs ground
to fit the tube rather snugly. Several combustions were made
with this tube, but no satisfactory carbon determinations were
obtained as the following table shows.
Ho. of
Sample
Per cent of
Carbon
B. .40 0.341
0.44 7
0.332
0.340
0.433
0.417
ii
.60
ii
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A modified ©OOOh tabulated platinum crucible was
then used and found to give excellent results for carbon.
The sample was placed in a little bucket made of platinum
foil. A layer of AlgO s was used to protect the platinum.
The bucket was placed in the crucible and the lid sealed air
tight with sodium tungstate.
The chromic acid used was made free from sulphur
by first washing with con. H±I0 5 and then allov/ing the aqueous
solution to stand over BaCr0 4 several hours. The Als0 3 was
also purified in the laboratory.
The sulphur absorbed in the chromic acid was de-
termined by diluting the solution to about 100 cc, adding
2 cc. of HC1 and precipitating as usual. The method was
unsatisfactory, as the EaS0 4 was contaminated when precipi-
tated. The following test was made on the method. A solu-
tion of KgSO-i was made and its content of sulphur per cc
.
determined. A known amount of this solution was added to
the same amount of chromic as used in the U-tube , the mix-
ture diluted and the sulphur precipitated as usual. The fol-
lowing results were obtained.
Grams of
S. Taken
Grams of
S. Found
0.00056
0.00056
0.00056
0.00056
0.00056
0.00056
0.00071
0.00060
0.00118
0.00192
0.00175
0.00204

The chromic acid in the U-tube was then replaced
by a saturated solution of EaCrO* in 2 per cent HOI . If, to
an HC1 solution of barium chroraate, a solution containing
sulphates is added, the sulphuric acid radjcle combines with
(30)
the barium and sets free an equivalent amount of chromic acid.'
Barium chromate is entirely precipitate:) by TCH4OH. If, then,
the solution is neutralized, the barium chromate is precipi-
tated and a quantity of ammonium chromate .equivalent to the
sulphate introduced, remains in solution.
The following method was used to determine the free
chromic acid: After the combustion, the contents of the U-tube
were transferred to a beaker, diluted and made alkaline with
KH*CH. The precipitate of BaCrO* was filtered off and washed.
The filtrate was made acid with H2SQ 4 , a known amount of
ferrous ammonium sulphate solution added, and the excess ti-
trated with KUnCU solution. The iron equivalents of both so-
lutions being known, their difference represented the iron
equivalent of the free chromic acid. This was calculated
over to sulphur by a simple proportion.
The BaCr04 used was made by adding BaCl 2 to the
aqueous solution of sulphur free chromic acid. The following
tests were made on the method, the sulphur being introduced
in the form of K 2 S0 4 .
",
r
t. of S. Taken Wt. of 3. Found
0.0028 0.0017
0.0019
0.0021
0.0022
0.0025
0-0018
" 0.0022
0.0025

The method seemed to be satisfactory. Our great
trouble was to find a suitable compound to protect the plat-
inum from the iron and not combine with the sulphur. AlgO a
is all right for carbon determinations, but it seems to com-
bine with a part of the sulphur and not permit it to be vol-
atilized.
The following table shows the percentage of sulphur
volatilized when using AlgOa from a steel containing .080 per
cent sulphur, after igniting 30 minutes.
2k>. of Per cent
Sample Sulphur
1 0.009
2 0.008
3 0.007
SiOg free from sulphur was next tried. This gave
much higher results but the sample was only i&nited 15 min-
utes for fear that the slag formed would attack the platinum.
So. of Fer cent Per cent in
Sample Sulphur Iron residue
1 0.015
2 0.017
3 0.037
4 0.027 0.065
5 0.013 0.082
In samples 4 and 5, the sulphur was determined in
the silica, but only a trace was found.
As it is claimed that all the sulphur remains in

the residue after dissolving the steel in potassium copper
chloride, the method of burning this residue in a combustion
tube and collecting the S0 3 evolved in the same manner was
tried.
Ho. of Per cent Per cent
Sample Sulphur Sulphur
Gravimet- Combust-
rically ion
Bessemer .60 0.075 .066
it t? 0.075 .015
ii n 0.075 .020
t? Tt 0.075 .02 8
II It 0.075 0.017
Open Hearth .20 0.020 0.004
II II T1 d).020 0.007
Two residues left after Z grains of steel were dis-
solved in copper potassium chloride and 10 cc . of HC1 were
burned in the combustion crucible and the sulphur evolved de
termined
.
Per cent S. Per cent 3.
present found
1*0. 1 0.075 0.036
o. 2 0.075 0.027
These results show that the sulphur was not all
evolved or some was lost as H2 S by the action of the HC1
used to help dissolve the steel.
Some clay crucibles were moulded and burned to
try in the place of the platinum bucket, as a receptacle for
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the steel. A basic fire clay was first tried, the steel
being put in it and a layer of SiO a outside "between it and
the platinum crucible. After heating a half hour, the iron
had gone through the clay, slagged with the SiOg and attacked
the crucible. Some cxucibles were then prepared from an acid
clay, which seemed to work satisfactorily. vThen heated for
an hour in a porcelain crucible with a layer of S102, the
iron did not slag with the SiOg.
Two samples of steel ignited with the full blast
as above for 30 minutes and one hour respectively, were test-
ed for sulphur. A considerable portion of sulphur was found
in each case.
CONCLUSION
The following conclusions may be drawn from these
inve st lgat ions
:
1. The sulphur is not evolved quantitatively when the
steel is heated directly with a blast lamp for an hour.
2. The absorption of the S0 a in an EC1 solution of
BaCr04.,and the titration of the chromic acid set free,
offers a rapid and accurate method for the determination of
the sulphur evolved.
3. More sulphur comes over when an acid substance is
used to protect the crucible, than when a basic substance
is used.
This work was done under the direction of Dr. I sham.
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